Abstract
Buffer (Bioline), 100µL dNTP (10mM) (Fisher Biotech), 150µL MgCl 2 (50 mM) (Bioline), 114 25µL of forward and reverse uspA primers (50µM) (Invitrogen), 20µL Taq polymerase 115 (Bioline), and 2.0µL of purified bacterial DNA. The PCR was performed under the 116 following conditions: denaturation for 5 min at 95 °C; 30 cycles of 30s at 94°C, 30s at 117 56°C and 30s at 72°C; and a final extension step of 5 min at 72°C, 118
The primer sequences used were (F 5'-CCGATACGCTGCCAATCAGT-'3) and (R 5'-119 ACGCAGACCGTAGGCCAGAT-'3) which are specific to the uspA gene expressed in6 265 strains were confirmed as E. coli using this method. These strains were then typed 124 using a biochemical fingerprinting method and tested for their phylogenetic groups. 
Statistical analysis

175
The Chi square test (X 2 ) was used to compare the significance of difference between 176 the mean number of BPTs and diversity found in different tanks and STPs.
Results
179
Of the 367 E. coli-like colonies tested, 264 were confirmed as E. coli using the uspA 180 gene. The range of confirmed E. coli strains in all STPs varied from 72% to 83%. 181
Biochemical fingerprinting of these isolates showed the presence of both common (C) 182 and single (S) BPTs in each STP and also within different treatment tanks of each 183 plant. Within each STP, E. coli strains from the secondary sedimentation tanks, plant 184 effluent tanks and final lagoon effluent were compared to each other. It was found that 185 some strains, originally found in the secondary sedimentation tank were also present in 186 the plant effluent and final lagoon effluent, therefore these strains were regarded as 187 persistent strains. Of the 162 strains tested in STP 1, 49 (30.2%) belonged to two C-188 BPTs (i.e. C4 and C5) and were found in all three treatment tanks (Table 1) . Some 189 strains were also found in two treatment tanks and although their numbers were small, 190 they were considered as less persistent mainly due to the fact that they were 191 inconsistently found in two consecutive tanks (Table 1) . Phylogenetic grouping of all C-192 BPTs found in STP 1 (104 isolates) showed that they belonged to either group B2 193 (n=56) or D (n=48) ( Table 1) In all, 42 C-BPTs representing 214 isolates and 50 S-BPTs were identified among the 197 four STPs. Of these, 212 (80%) belonged to phylogenetic groups B2 and D (Table 2) . 198
The remaining 20% of isolates that belonged to other phylogenetic groups were spread 199 among 18 BPTs ( laboratories. An additional criteria used for identification of E. coli was the test 218 cellobiose, which is a reagent of the 11 tests in the PhP-RE plates used in this study. 219
Strains that were negative for this test during the biochemical fingerprinting of the 220 isolates were disregarded as E. coli. In our study, three isolates that were positive for 221 E. coli in the cellobiose test were negative for the uspA gene, but positive for 222 phylogenetic grouping. To be consistent with identification criteria for E. coli these 223 strains were not included in the study. This however, may indicate that the sequences 224 of primers used to detect the uspA gene may not efficiently represent all groups of E. 225 coli strains and thus, a possibility that we have underestimated the number of E. coli 226 strains in our samples. 227
The prevalence of E. coli in receiving waterways can be due to an array of sources 228 including domestic and/or wild animals, malfunctioning septic systems, industrial 229 outlets, combined sewer overflows and wastewater effluents, as well as ineffectively 230 controlled treatment stages and to an extent, persistence of bacteria after disinfectionnumber of bacteria and ideally, free of pathogens (15). In a typical STP, the bacterial 233 count is normally reduced by 90% (27, 35) In our study the number of E. coli strains sampled from each treatment tank varied 241 among the STPs, and despite the fact that some STPs (e.g. STP 1) were sampled 242 more extensively than others, only those E. coli strains that were more prevalent in the 243 secondary sedimentation tanks were detected in the final lagoon effluent of each STP. 244
Interestingly, most C-BPTs found in a final lagoon effluent were also found in other 245
STPs, indicating that either strains belonging to these BPTs persist in STPs due to their 246 higher numbers or have a better ability to survive the treatment processes, including 247 disinfection, or a combination of both. An alternative explanation is that some BPT 248 patterns may be common to several E. coli strains. It has been shown that whilst there 249 is a dramatic reduction in the number of E. coli during the treatment processes of 250 STPs, up to 10 2 colony forming units (CFU)/mL may enter receiving waterways after 251 the disinfection process (26). Other studies also indicate that the sewage treatment 252 process reduces the number of pathogens insufficiently (32) with further treatment and 253 disinfection required to render the water safe for release. In the present study we found 254 that the majority of the surviving E. coli strains belonged to phylogenetic groups B2 and 255 D. The association of the phylogenetic groups for E. coli with diseases at specific sites 256 of the human body has been widely reported and allows for separation of commensal 257 (A and B1) and pathogenic (B2 and D) strains (2, 6). In our study, the efficacy of water 258 treatment to remove the bacterial pathogens responsible for a range of waterborne 
